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Method for preparing sulphate esters effective in the 
treatment of HIV (Human Inmnino Deficiency Virus) 
infections, and AIDS. 



The present invention relates to a method for 
V preparing Tnono-« di-, tri-or tetra- sulphate esters of 

pentoses and hexoses and their salts, see formulas (I) . 



5 



10 




is hydrogen, Cj-C^-alkyl, benzyl, amino acid, 

nucleotide, or polypeptide ; 
15 is OH, 504- or NHR\- 

is hydrogen, C^-C.-alkyl, acetyl or C,-C,4-acyl, 

aminoacyl or sulphonyl; 

is OH or SO^*; 

is OH or SO/; 
20 X* is OH or SO^'; 

X* is OH or SO/; 



y*, y** is H, Na, K, Ca, Zn, Mg, Li, Ba, Mn, Kg, Ag or Au. 

Background of the Invention 

25 Sulphate esters of hexosamines have been prepared 

by direct sulphation of hexosamines with chlorosulphonic 
acid. Previously, Lloyd, A.G. (1962) Biochera. J. 83, 455-460 
and Suzuki, S. and Strominger, J.L. (1960) J. Biol. Chem. 
235, 267-273 showed that sulphate esters prepared by the 

30 direct sulphation of N-acetyllgalactosamine with chlo- 

rosulfonic acid consists of mixtures of mono- and bisulphate 
esters of the sugar. In a later publication Kazuhiko Ishihara 
et al. Biochim. Biophys. Acta, 437 (1979) 416-430, 
synthesised N-acetylgalactosamine-4, 6-disulphate . 0DP-6alNAc- 

35 4 -sulphate was treated with chlorosulf onic acid, the 

disulphated nucleotide thus prepared was hydrolysed with 0.01 
M HCl to result in N-acetylgalactosamine-4, 6-disulphate. In 

CONFIRMATION 
COPY 
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an other paper Yasuo Nakanishi et al. J, of Biol. Chem. vol. 
256 No. 11 (1981) 5443*5449, sulphate was introduced into 
position 6 of the nonreducing terminal N- acetylgalactosamine- 
4-sulphate by a terminal 6-sulphotransf erase. 

5 

Description of nhe Invention 

The general method for preparing sulphated pentoses 
and hexoses according to the invention include sulphation 
with sulphur trioxide-triethyl amine complex of hydroxyl- 

10 protected sugars in a polar solvent, such as N,N-dimethyl 

formamide at 20-80 ^C, preferably 30-70 'C, most preferably 40- 
60 "C. This reaction step is very effective and yield almost 
quantitative yields in mild conditions, it is also very 
efficient in producing specially designed sulphate esters. 

^5 The sulphation method according to the invention 

also include catalytic hydrogenation in presence of a 
catalyst, such as palladium hydroxide, to give compounds with 
formulas (I) . 

One embodiment of the present invention is the 
method for preparation of sulphate ester derivatives of 
N- acetyl -D-galactosamine. The method con^rises treatment 
of N-acetyl -D-galactosamine with benzyl alcohol and 
5 Amberlite® IR 120 to yield benzyl -N-acetyl -D- 

galactosaminide. The hydroxyl groups of benzyl -N-acetyl - 
D-galactosaminide was protected and treated with sulphur 
trioxide-triethylamine complex in N,N-dimethyl formamide 
at 20-80 'C. Depending on which hydroxyl groups were 

10 protected the reaction yielded mono-, di- or tri-sulphate 
substituted benzyl -N- acetyl -D- gal act osaminide. The sulph- 
ated galactosaminide was catalytically hydrogenated with 
palladium hydroxide and was commonly worked up to give 
50-99% of mono-, di- or tri-sulphate substituted N-ace- 

15 tyl -D-galactosamine . 

A further embodiment of the present invention is 
a method for preparation of sulphate ester derivatives of 
N-acetyl-D-glucosamine. The preparation procedure follo- 
wed the same route as described above and yielded after- 
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common workup procedures 50--99% of mono-, di- or tri- 
sulphate substituted N-acetyl-D-glucosamine . 

The following examples are given by way of ex- 
ample the invention only and not by way of limitation 
5 thereof . 



Example 1 

3,4, 6- tri-O-sulpho-N-acetyl-D-galactosamine 

A solution of benzyl -N- acetyl -D-galactosaminide 

10 (155mg) was stirred in N,N-dimethyl formamide (2 ml) for 

15 hours at 50 *C in presence of sulphur trioxide-triethy- 
lamine complex (380mg) . The mixture was cooled and met- 
hanol (1 ml) was added. The mixture was chromatographed 
on a silica gel (30 g) column with ethylacetate:pyridine- 

15 : acetic acid: water (8:5:1:3) to yield a pure fraction, 

this was solved in methanol (1 ml) and was further elua- 
ted from a Sephadex® SP 25 (Na'^-form 2x25 cm) column with 
methanol: water (1:9) to afford the 3 , 4 , 6-tri-O-sulpho- 
derivative ( 220 mg, 80%) . The benzyl -groups were removed 

20 in a solution of ethanol : water (2:1) and catalytic hydro- 

genation in presence of palladium hydroxide (20% Pd) for 
1 day. The suspension was filtered and concentrated, 
finally lyophilised. SO calc. 64.86% found 63.5%. 

25 Example 2 

3 , 4-di-sulpho-N-acetyl-D-galactosamine 

A solution of benzyl 4 , 6-0 -benzyl idene-N-acetyl- 
J^-aralactosaminide (l mmol) and sodium cyanoborhydride (9 
mmol) in dry THF (15 ml) containing powdered 3A molecular 

30 sieves was cooled to 0*C. Hydrogen chloride in diethyl 

ether was added dropwise until the solution was acidic 
(pH paper, gas evolution) . The mixture was monitored with 
TLC and when completed (after 10 min. at O'C) it was 
poured into ice-water. The product was extracted with 

35 dichloromethane and purified on a silica gel column. The 
e-O-benzyl derivative (278mg, 85%) was O-sulphated as 
described in example 1 to give 3 , 4-di-sulpho-N-acetyl-D- 
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galactosamine (75mg, 91%). SO calc. 50.65% foiind 49.0%. 
Example 3 

4, 6-di-D-sulpho-N-acetyl-D-galactosamine 

A solution of benzyl-4, 6-0-benzylidene-N-acetyl- 
D-galactosaminide (400 mg) in dry N,N-dimethylf ormamide 
(6 ml) was stirred at 0*C in presence of barium oxide 
(845,5 mg) , barium hydroxide 8 HjO (261 mg) and benzyl 
bromide (232 /xl) was added. After con^letion of the 
reaction (TLC, dichloromethane: methanol (95:5)) the 
excess of benzyl bromide was quenched with methanol (150 
/il) . The mixture was diluted with chloroform, washed 
with water, dried (NajSO^) and concentrated. The residue 
was crystallized from ethanol yielding 472 mg (70%) of 
product. The benzylidene group was removed by treatment 
of the product (400mg) with 60% acetic acid in water 
(10ml) with stirring at 60 C for 3 hours, then cooled, 
and concentrated. The acetic acid was removed by repeated 
evaporation with toluene and 295 mg (90%) of 3-0 -benzyl 
derivative was obtained. This compound was O-sulphated as 
described in example 1 and gave 74,8 mg (83%) of 4,6-di- 
0-sulpho-N-acetyl-D-galactosamine. SO calcd. 50.65%, 
Found 49.5%. 

25 Example 4 

4-O-sulpho-N-acetyl-D-galactosamine 

A solution of benzyl -4, 6-0-benzylidene-N-acetyl- 
D-galactosaminide (400 mg) was treated as described in 
example 3. The di-O-benzyl derivative was O-sulphated as 

30 described in example 1 to give 4-O-sulpho-N-acetyl-D- 
galactosamine (IBOmg, 91%). NMR data: 2,1 ppm s N-Ac; 
3,6-4 ppm m skeleton H; 4,1-4,2 ppm m C^-H; 4,6 ppm d C*- 
H; 5,2 ppm d anomer H, The NMR spectra were recorded on a 
Bruc)cer 200 instrument. SO calc. 32.0% found 30.6%. 

35 

Examnle 5 

3-sulpho-N-acetyl D-galactosamine 



10 



15 
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Benzyl -N- acetyl -D-galactosaminide (400 mg) was 
treated with benzaldehyde dimethylacetal to give 450 mg 
(88%) of 4 , 6-0-benzylidene derivative. O-Sulphation was 
achieved with the sulphur trioxide-triethylamine complex 
5 in N,N-dimethylforTOamide yielding 431,3 mg (90%) of 3-0- 

sulpho- derivative from 400 mg of starting material . The 
product (350 mg) was catalytically hydrogenated in 
ethanol -water in presence of palladium hydroxide giving 
200 mg (91%) of 3-0-sulpho--N-acetyl-galactosamine . SO 
10 calcd. 32%, found 30,2%. 

Example 6 

6 -O- sulpho-N-acetyl >D-galactosamine 

Benzyl-N-acetyl-D-galactosaminide (300 mg) was 

15 stirred with trityl chloride (300 mg) and silver nitrate 
(250 mg) in pyridine (5 ml) at room temperature for 24 
hours. The reaction mixture was partitioned between 
dichl or ome thane and water and the organic layer was 
concentrated. Column chromatography of the residue 

20 (dichlorome thane -methanol (9:1)) gave 6-0-trityl 

derivative (373mg, 70%) . 

The product was benzylated as described earlier 
to obtain 3 , 4-di-O-benzyl derivative. To remove the 6-0- 
trityl group this derivative was treated with trifluoro 

25 acetic acid (10 ml 1 % in dichlorome thane) at room 

temperature for 20 hours. Column chromatography of the 
residue on silica gel gave 3,4-di-0-benzyl-6-OH derivati- 
ve (2B4mg, 90%). The 3 , 4-di-0-benzyl-6-OH derivative was 
O-sulphated as described in example 1 to give 6-0-sulpho- 

30 N- acetyl -D-galactosamine (177mg, 92%). SO calc. 32.0% 
found 30.3%. 
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Claims 

1- A method for preparing mono-, di-, tri-or tetra- 

sulphate esters of pentoses and hexoses, and salts there 
5 of, according to formulas (I) 



10 




15 is hydrogen, Ci-C«-alkyl, benzyl, amino acid, 

nucleotide, or polypeptide; 
is OH, SO/ or NHR'; 

is hydrogen, Q-Cg-alkyl, acetyl or C^-Ca^-acyl, 

aminoacyl or sulphonyl; 
20 is OH or SO4'; 

X* is OH or SO4'; 

is OH or SO^-; 
X* is OH or SO^-; 

Y*, Y^* is H, Na, K, Ca, Zn, Mg, Li, Ba, Mn, Hg, Ag or 
25 Au, 



characterized in that the sulphation step include 
treatment with sulphur trioxide-triethylamine complex. 

30 

2- A method according to claim 1, characterized in 

that the solvent used in the sulphation step is N,N- 
dimethylf ormamide . 

^5 A method according to claim 1 or 2, characteri- 

zed in that the reaction temperature of the sulphation 
step is in the range from 20 to 80 'C, preferably from 30 
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to 70 'C, most prefercQDly from 40 to 60 *C. 

4. A method according to any of the claims 1-3, 
characterized in that the method comprises a catalytic 

5 hydrogenation step. 

5. A method according to claim 4, characterized in 
that the catalyst is palladium hydroxide. 

10 6. A method according to claim 5, characterized in 

that method comprises a protection step, wherein hydroxyl 
groups of the sugar is protected before the sulphation 
step. 

IS 7. A method according to. any of the claims 1-6, 

characterized in that the pentoses and hexoses are 
selected from the group consisting of ribose, xylose, 
arsdDinose, galactose, glucose or mannose. 

20 8. A method according to any of the claims 1-7, 

clxaracterized in that the pentoses and hexoses have an 
amine-group in position 2. 

9- A method according to claim 8, characterized in 

25 that the prepared hexosamine is a mono-, di-or tri- 

sulphate substituted N-acetyl-D-galactosamine derivative. 

10. A method according to claim 8, characterized in 
that the prepared hexosamine is a mono-, di-or tri- 

30 sulphate substituted N-acetyl-D-glucosamine derivative. 

11. A method according to claim 8, characterized in 
that the prepared pentosamine is a mono -or di- sulphate 
substituted N-acetyl-D-ribosamine derivative. 

35 
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